MATERIALS AND TEST SPECIMENS
The material modeled in this study was SCS-6/Timetal-21S which is fabricated by hot isostatic pressing (HIPing) Ti-15Mo-3Nb-3A1-0.2Si foils between tapes of unidirectional SCS-6 siliconcarbide fibers.
A fiber volume fraction of 38.5% with a fiber diameter of 0.14 mm was used. Figure  5 . The ply thickness, the fiber volume fraction, and the fiber diameter are typical for silicon-carbide/titanium matrix composites. Figure  5 also shows the finite element mesh refinement that was used. The model shown in Figure  5 was used with the appropriate boundary conditions to represent a single fiber in an infinite array of fibers.
For the single fiber in an infinite array, compatibility with adjacent unit cells was enforced on each face of the model by constraining all normal displacements to be equal.
On the x = 0 face, the x-displacements were set to zero, on the y = 0 face, the y-displacements were set to zero, and on the z = 0 face, the z-displacements were set to zero.
On the x = 0.096 mm face, the x-displacements were constrained to be equal to each other such that the plane remained plane.
That is all nodes in the plane were free to move, but all nodes in that plane moved the same amount in the x-direction. Likewise for the y = 0.104-mm plane and the z = 0.02-mm plane.
A convergence study was done on the mesh shown in Figure  5 .
For the thermal loading used here, the mesh shown in Figure  5 predicted stresses that differed by less than 5 % from those predicted by a mesh with twice the refinement. Table 2 .
RESULTS

AND DISCUSSION
Stress contours, based on element centroid values, are plotted for both loading conditions with an intact and a failed interface. and 9 show the Crzz stresses produced by the simulated cooldown with an intact and a failed interface, respectively.
In Figure  8 , the Crz. z stresses are nearly uniform in both the fiber and matrix, with a maximum compressive stress of -835 MPa in the fiber and a maximum tensile stress of 558 MPa in the matrix.
In the interface region, next to the fiber, a steep stress gradient is found due to the intact interface.
In Figure 9 , the Crz. z stresses are still nearly uniform in the fiber, but with a maximum value of-768 MPa, compared to the case of the intact interface. The region of stress gradient next to the fiber is larger in the case of the failed interface and the maximum value of tensile or_ stress in the matrix is smaller for the failed interface, 487 MPa compared to the value of 5/'_8 MPa for the intact interface. Again, the intact interface produces a greater constraint between the fiber and matrix, resulting in larger thermal residual stresses.
The difference between the intact and failed cases is not as great for tr the axial stress as for the transverse stresses.
The axial stress governs axial cracking in "_:_oth the fiber and the matrix. The thermal residual stresses would act as a prestress that could affect the composite properties and subsequent mechanical behavior. The axial stress calculations indicate that a smaller mechanical axial load would be necessary for the failed interface compared to the intact interface to overcome the thermal residual stresses.
Mechanical Loading
A transverse loading was applied to the model shown in Figure 5 . A uniform stress in the ydirection was applied to the y = 0.104-mm face with a loading rate of 2.56 MPa/sec. Two isothermal conditions were analyzed, T = 21.1°C and 650°C. Both the intact and failed interface were modeled. The loading was applied and the stress contours were plotted at time t = 200 seconds. As shown in Figure  10 for the case of intact interfaces, at this time (t = 200 sec), for T = 21. I°C the overall behavior of the composite is still within the elastic regime, while for T = 650°C, the overall behavior is well into the inelastic regime. seconds, for the intact and failed interface cases, respectively. The matrix yield stress at T = 21.1°C is 910 MPa. As shown in Figure  11 , even though the overall stress-strain behavior is still within the elastic region, for a small portion of the matrix (the upper left hand comer of the model), the von Mises stress is greater than the matrix yield stress, indicating inelastic behavior.
For the case of the failed interface, as shown in Figure  12 , the matrix is well into the inelastic regime.
A large stress concentration is calculated in the lower right hand comer of the model.
The maximum stress calculated for the case of the failed interface is nearly five times greater than the maximum stress in the case of the intact interface. At this temperature, the overall stress-strain behavior is exhibiting considerable inelastic behavior, even with an intact interface. As shown in Figure  13 , all of the matrix is at a stress level greater than the yield stress. A stress concentration above the fiber is calculated for the intact interface case.
For the case of the failed interface ( Figure  14) , a stress concentration is calculated in the lower right hand comer of the model. Here the maximum stress is about 10% greater than for the intact interface case and the region of maximum stress is considerable larger than for the intact interface case.
The stress in the fiber is reduced by about 20% for the failed interface, compared to the intact interface case.
Comparing the stress states with a failed interface at the two temperatures, Figures  12 and 14, shows the two stress states have very similar trends. The magnitude of the stress is more than twice as large at room temperature than at the elevated temperature.
The stress states at the two temperatures with the intact interfaces, Figures  11 and 13 , however, are considerably different. As shown in Figure  11 , the stress state at room temperature is more uniform than at the elevated temperature, even though the magnitudes of the stresses in both cases are nearly the same. The total strain rate is decomposed into elastic, thermal, and inelastic parts.
The inelastic strain rate is found as a function of the overstress measured from an equilibrium yield surface which delineates the stress states that can be reached from the current state by purely elastic deformations.
In the presence of kinematic and isotropic hardening, a Mises form of the current equilibrium yield surface can be written as
where s/j is the deviatoric equilibrium stress tensor, flu denotes the center of the yield surface, Y = Y('I') is the temperature dependent yield stress in tension, which is independent of the loading rate, and Q is an isotropic hardening function. Figure A1 depicts the equilibrium yield surface f in the deviatoric stress space, where K o is the initial yield stress in shear. 
Corresponding
The inelastic strain rate is found from an associated flow rule in which the strain rate is normal to the equilibrium yield surface and its magnitude is assumed to be in the form of a power law of the overstress [3] ./n cu = (AS)
where the functions k(T) and p(T) are material parameters and n_/ is the unit normal to the yield surface (Eq. A1) at the current equilibrium stress point.
The evolution equation for Q, which includes the effect of inelastic deformation and thermal recovery on the yield stress, is given by Figure  3 . A Mises form of the equilibrium bounding surface is written as
where s 0. is the bounding stress tensor, fl/j denotes the center of the bounding surface,
is the tensile bounding stress, which is independent of the loading rate, and Q is an isotropic hardening function. Figure  A1 depicts the bounding surface in the deviatoric stress space, where K0 is the initial yield stress in shear. 
